Sudden cardiac death (SCD) during sport is frequently the first and the last manifestation of an unrecognised, underlying, often asymptomatic heart disease. Athletes are seen as one of the healthiest segments of the population. SCD in an athlete is always shocking and profoundly affects the communities where it occurs. As a result of the considerable media attention that often accompanies SCD in an athlete, it has been suggested that its prevalence is overestimated. However, in reality the incidence may still be higher than we think as SCD events occurring during recreational-leisure sports may be underreported. An overall incidence of 1:50 000 athletes per year is a reasonable estimate based on available retrospective cohort studies and prospective observational or cross-sectional studies with male black basketball athletes being at higher risk (1:11 000 athletes per year).
Summary
Sudden cardiac death (SCD) during sport is frequently the first and the last manifestation of an unrecognised, underlying, often asymptomatic heart disease. Athletes are seen as one of the healthiest segments of the population. SCD in an athlete is always shocking and profoundly affects the communities where it occurs. As a result of the considerable media attention that often accompanies SCD in an athlete, it has been suggested that its prevalence is overestimated. However, in reality the incidence may still be higher than we think as SCD events occurring during recreational-leisure sports may be underreported. An overall incidence of 1:50 000 athletes per year is a reasonable estimate based on available retrospective cohort studies and prospective observational or cross-sectional studies with male black basketball athletes being at higher risk (1:11 000 athletes per year).
Overall the health benefits of regular exercise heavily outweigh the risks of SCD in young and in older athletes, especially in those who train appropriately. This is "the paradox of sports": physicians are faced with the challenge of providing a sensible strategy for the prevention of SCD while simul taneously reaffirming that the benefits of regular exercise far outweigh potential risks. Considering the potentially increased, albeit small, risk of cardiac events and SCD during physical activity (PA), it is prudent to establish practical and pragmatic algorithms for the cardiovascular evaluation of young and of middle-aged / senior individuals before engaging in regular PA.
However, there is disagreement on how to implement an effective preparticipation screening strategy of SCD prevention in athletes, which is, at the same time, cost-effective. At present there is a broad range of screening recommendations, which vary from country to country.
In this brief review, we summarise the current state of knowledge in this area with respect to epidemiology, mechanisms, approaches to risk stratification based on existing scientific evidence and on expert documents.
Screening for SCD prevention in athletes by cardiology/sport physicians in Switzerland will then be discussed.
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Epidemiology
Sudden cardiac death (SCD) in athletes is a rare event (1-2 / 100 000 / year) [1, 2] , with an incidence that varies depending on age, sex and intensity of sports activity.
The true incidence of SCD in athletes is widely debated.
Differences in current estimates of the incidence are largely due to differing methodology and heterogeneous population comparisons. S everal f actors a ffect case identification including the definition of an athlete, methods of data acquisition, too broad age ranges of the population, poorly defined examined population, SCD only during sport or at any time, lack of mandatory reporting requirements, inclusion or not of sudden cardiac arrest (SCA) survivors and absence of standardised autopsy protocols [1] .
In well-defined age subgroups, such as athletes aged 14-18 years, estimates of SCD/SCA annual incidence range from 1:50 000 to 1:80 000. High-risk subgroups identified include men (1:41 000) and male basketball athletes (1:33 000) [2] . Estimate of the SCD/SCA annual rate for athletes aged 17-24 years is 1:43 000 overall, with high-risk subgroups identified as men (1:33 000), African-Americans (1:18 000), m ale black basketball athletes (1:11 000) and Division I male black basketball athletes (1:3000) [3] . While athletes aged between 12 and 35 years present an estimated incidence of SCD of 1:47 000 [4] , in athletes aged 36-49 years estimates of SCD incidence reach 1:15 000 for competitive sports and 1:34 000 for noncompetitive sports [5] . Furthermore, SCD may be higher in some athletes (male, black, basketball player).
Classification of sports activities
Physical activity (PA) is defined as any bodily movement produced by skeletal muscles that results in energy expenditure beyond resting metabolism. The volume of PA (i.e., total energy expended) is expressed in metabolic equivalents or METS. One MET equals the resting metabolic rate of 3.5 ml O2/kg/min. The total volume of habitual PA level (volume = intensity × duration = METS × duration or MET-h/week) is a marker to discriminate low, moderate and high intensity activity.
According to these considerations, sports activities can be classified according to the type and intensity of exercise performed [6] . There are two broad types of exercise, dynamic (isotonic) and static (isometric), on the basis of the mechanical action of the muscles involved.
Dynamic exercise can be divided into low, moderate and high intensity depending on the METS. High-intensity PA is defined as PA >6 METS [6] . Static exercise can be divided into low, moderate, and high intensity on the basis of the estimated percent of maximal voluntary m uscle contraction. The cardiovascular demands of very high-resistance dy nam ic exercise (endurance) are similar to high-sustained static exercise (power) and this is important because high intensity PA is associated with an increased risk for cardiac events in individuals harbouring cardiovascular disease [7] [8] [9] . High-intensity dynamic sports are running, swimming, basketball, football, cycling, rowing, tennis, hockey, etc. High-intensity static sports are martial arts, sport climbing, weight lifting, etc. [6] .
Classification of athletes
It is important to differentiate between young and middle-age/senior individuals engaged in PA. To comply with the majority of cardiovascular literature, we are using the cut-off point of 35 years [10] . The incidence rate of SCD in sports is 4-5 times higher in older age groups (>35 years, e.g., master athletes) compared with athletes of a younger age (≤35 years) [11] . Athletes should be defined according to the type, frequency, dura tion and intensity of sport participation and categorised into "competitive" or "recreational" [12] . Com- Recreational sports do not necessarily require systematic training or the pursuit of excellence, nor do they convey the same pressure to prevail against others [12] .
Based on the above-mentioned description, we aim to divide athletes into: 
Cause and pathogenesis of sudden death during sports
The well-known beneficial effects of aerobic exercise [13, 14] are partly mediated through modification of several risk factors for coronary artery disease, including components of the metabolic syndrome and effects on endothelial dysfunction and blood coagulation [15] .
During sport activities, depending on the type of exercise ( dynamic versus static), the stroke volume increases up to 70%, heart rate increases 3 to 4 times compared with the resting state, thus decreasing ventricular filling owing to diastolic shortening, while systolic blood pressure may increase beyond 200 mm Hg.
In response to the growing needs of the heart, structural and electrical adaptive changes occur in the heart of the athlete, referred to as the athlete's heart. This cardiac remodelling consists of alterations in ventricular chamber dimensions, i ncluding increased left and right ventricular and left atrial cavity size. The dimensions of the athlete's heart rarely exceed the upper limits of normal, if adjusted for body size [16] , but occasionally there may be a relatively mild increase in absolute left ventricular (LV) wall thickness (mostly eccentric hypertrophy) that exceeds upper normal limits. Recently, it has been shown that physical exercise determines cardiac growth also through new cardiomyocyte formation [17, 18] . The LV remodelling with changes in mass is dynamic in nature and may appear to develop relatively rapidly, or more gradually, after the initiation of vigorous conditioning and is reversible with cessation of training [19] .
While the haemodynamic stress produced by exercise is well tolerated by a trained, healthy heart, during vigorous PA (defined as PA >6 METS), electrical instability may be produced in subjects with predisposing, un- Given the different substrates involved in younger patients, the underlying mechanisms determining SCD in the younger patient group are heterogenous, involving a purely electrical mechanism in a structurally normal heart (this is the case in Brugada syndrome or pre-excited atrial fibrillation), or, in other cases, a diseased myocardial substrate as is the case in hypertrophic c ardiomyopathy (HCM) or arrhythmogenic right ventricular cardiomyopathy (ARVC). In athletes older than 35 years of age, coronary heart disease is the main heart disease associated with SCD in sports. In these subjects, during vigorous exercise there are two phases of electrical vulnerability in which malignant ventricular arrhythmias may be initiated: the first during peak exercise; the second during the immediate recovery phase [20] . At peak exercise, increased circulating catecholamines c ause h eart r ate and blood pressure increases as well as favouring adhesion of platelets, hence producing increasing wall stress to the vessels, especially coronaries, resulting in possible coronary spasm or atherosclerotic plaque disruption [21] . The lack of prospective data validating the use of the 12-lead ECG to prevent SCD in sports has, however, limited diffusion of the 12-lead ECG for preparticipation screening in certain countries and regions. In 1997, a mandatory preparticipation screening programme was i mplemented i n Israel. B y law, t he o bligatory screening tests for all athletes include a medical questionnaire, physical examination, baseline ECG and exercise stress testing. A study compared the 12 years before screening with the 12 years after the onset of mandatory ECG screening to evaluate the incidence of SCD/SCA in athletes [25] . There was no apparent influence on the incidence of sudden death in athletes.
However data on the effects of ECG screening on mortality r ates a mong a thletes a re o bservational a nd retro spective; in addition data were extrapolated to al- proposing a common European screening protocol for prevention of SCD in y oung c ompetitive a thletes, which included an ECG in addition to history taking and physical examination. However, the document listed the ECG abnormalities relevant to preparticipation screening but did not provide any specific guidelines for interpretation of athlete's ECG [29] . The perculiarity of the athlete's ECG is that changes may be produced by training. These develop as a consequence of the heart's adaptation to sustained physical exercise (athlete's heart). Such physiological ECG changes may overlap with ECG abnormalities seen in cardiovascular diseases that cause SCD in the young [27, 30] .
In fact, a new perspective on the interpretation of an athlete's ECG was first proposed in 2010 by a consensus document of the ESC, with the aim to improve the accuracy and cost-effectiveness of the use of the ECG for screening athletes for cardiovascular diseases [31] . In this document, the athlete's ECG changes were classified into two groups: "common and training-related" with reference values for abnormality [33] . The specificity of this new criteria was compared in a series of 1 417 healthy USA athletes and found that the rate of false positive ECG abnormalities requiring further evaluation decreased when applying the Stanford (8%) or Seattle (6%) criteria compared with the ESC (26%) criteria [34] . In the same way, the contribution by Bessem et al.
compared the ECG criteria outcome of the ESC recommendations and the Seattle ECG criteria in young athletes aged 10-19 years and also described better accuracy of the Seattle criteria, mainly due to reclassification of the long QT cut-off value [35] . 
Assessment of risk profile for coronary artery disease
Coronary artery disease is by far the most important cause of sports-associated SCD in middle aged athletes and, even younger athletes, an important cause of SCD.
According to the recently published recommendations of the EACPR, risk evaluation should rely on the presence or absence of classical risk factors for CAD [10] .
To evaluate the risk in middle-aged individuals, the estimation of individual cardiovascular risk using the Syste matic Coronary Risk Evaluation (SCORE) chart, for Switzerland, a low-risk country [37] is advocated.
The SCORE chart allows estimation of the absolute risk of athero sclerotic cardiovascular death within 10 years based on gender, age, total cholesterol level, systolic blood pressure and smoking status.
Where do we stand in Switzerland?
Since sport-associated SCD/SCA shows regional differences and varies widely with respect to underlying heart disease, sport, ethnicity and gender, national study / registers of SCD/SCA are necessary.
In Switzerland, a retrospective analysis that concerned only German-speaking cantons provided valuable insight into the epidemiology of SCD in our country. In this study, the incidence of leisure sports-associated SCD in athletes from 10 to 39 years was as low as 0.21 / 100 000 athletes per y ear, and competitive s portsassociated SCD was 0.57 / 100 000 athletes per year [38] . Based on the study of Notz, Lüscher and Schmied [41] only 9% of the Swiss athletes (aged 13-35) had undergone preparticipation screening in their sports career previously and only 47% of the athletes were willing to undergo a preparticipation screening. Therefore, adherence to these screening initiatives also appears to be an important issue. These studies state that: 1) cardiovascular preparticipation examination with an ECG recording in young athletes and cardiovascular evaluation in middle-aged individuals engaged in high-intensity sports following the EACPR protocol is feasible in Switzerland at reasonable cost; 2) using modern and selective criteria for interpreting the ECG (developed for young athletes), the rate of abnormal ECGs is low even in the middle-aged group; 3) the ECG plays a key role in detecting serious cardiac disease. Therefore, according to the above-mentioned studies, the cost of pre participation screening in Switzerland seems reason able.
Reccommendations for preparticipation screening in Switzerland
The aim of preparticipation screening is to identify athletes with previously undetected, asymptomatic underlying heart or vascular disease in order to prevent SCD/SCA during sports [10, 29] . Given the impor- If high risk then -maximal exercise testing.
If negative → eligible for high-intensity activity;
if positive then further examinations to confirm or exclude an underlying cardiac disease, according to the recommendations for evaluation of athletes with cardiovascular abnormalities [25, 45] .
Conclusion
Although the risk of SCD/SCA among athletes is reported to be rather low across studies, this risk is likely to be underestimated because it is based on retrospective data. In order to obtain accurate data on SCD in athletes, a prospective, complete, mandatory reporting system of all cardiac arrest events is necessary with a reliable population of referral as the denominator.
Although the role of the ECG for screening remains controversial because o f high f alse p ositive rates, which require additional cardiac examinations, over recent years several efforts have been made to refine the original ESC criteria (the "refined Seattle criteria") and soon there will be other new ECG criteria for interpretation of the athlete's ECG in order to improve specificity without compromising its sensitivity.
Based on the most recent literature on SCD incidence, cause of SCD and economic aspects, the moment has arrived to implement more advanced cardiac screening, with a prespecified protocol of medical screening as that described in this text, in young competitive athletes a nd in m iddle-aged a thletes engaged in high-intensity activities, to identify life-threatening conditions for the purpose of minimising the risk associated with the interaction between sports and cardiovascular disease.
Healthcare systems have a responsibility to recommend increased PA by minimising risks and maximising benefits. Keeping in mind that the primary aim of the screening programme is to save athletes' lives rather than money, the economic concern is always delicate. However, as we have seen, the costs for the baseline evaluation as well as for the additional second-line cardiac examinations seem reasonable. Finally, as cardiovascular screening will never be able to identify all athletes at risk, for secondary prevention, adequate preparation is vital in case of a potentially fat al event at the sporting arena / facility.
